Introduction
The CHARM Collaboration has built a fine-grain calorimeter to study neutral-current and charged-current neutrino interactions. It consists of 78 equal subunits of marble plates of 1 radiation length thickness (8 cm) as target material, each surrounded by a magnetized iron frame for muon identification, and of a muon spectrometer. The detector is instrumented with scintillation counters and proportional drift tubes for measuring the energy and the direction of hadronic and electromagnetic showers produced in neutrino interactions. The calorimeter is described in more detail elsewhere The gas mixture chosen is argon + isobutane in a ratio of 1:3. The working anode voltage is about 3.7 kV, the width of the plateau at least 500 V.
The streamer tube system operates under these conditions in the limited streamer mode, characterized by very large and rather uniform signals. The mean charge is about 30 pC for an integration time of 500 ns. These large signals allow simple comparators to be used for the front-end electronics.
The Calibration of the Streamer Tube Response
The CHARM calorimeter, upgraded with the planes of streamer tubes, was calibrated in a test beam containing negative pions and electrons from a minimum energy of 5 GeV up to 140 GeV. Between 5 and 30 GeV, electrons were tagged by a 20 m long threshold terenkov counter filled with helium. At 50 GeV, electrons were identified by the width of the shower profile (see last section).
For the calibration, 36 of the 78 identical subunits of the target calorimeter were used. A bending magnet allowed the beam to be deflected horizontally to hit the detector at different points and at different impact This saturation effect is most pronounced for electron-induced showers, because of their higher density.
The non-linear response produces a deviation from the I/v/i dependence of the resolution. Figures 3a and   3b show the resolution [G(E)/E]-.V as a function of the beam energy for pions and electrons. For linear response the resolution would be constant in this representation. It should, however, be noted that the resolution for incident pions below 20 GeV is only 20% worse than for scintillation counters; for electrons it is more severe owing to the stronger saturation. of electromagnetic showers --namely, small width and high density --to separate them from hadronic ones. In the case of the streamer tubes they count the nonfired tubes (holes) between the extremes of the lateral shower width and compare the "longitudinal profile of holes" with an average electromagnetic shower of the same energy. The efficiencies for separating electrons and pions with this method are reported in fig. 4 as a function of energy.
